Draining Lymph Node Cells of Contact-Sensitized Mice Induced Suppression of Contact Sensitivity  by Nakagawa, Toshifumi et al.
Draining Lymph Node Cells of Contact-Sensitized 
Mice Induce Suppression of Contact Sensiti·vity 
ToshifUl~i Nakagawa ,* Da.isuke Oka,i" Shojiro Nakagawa,t Hiroak.i Uek.i,t and Takashi T akaiwa * 
' Department of Dermato logy, Kagawa Medical University, Kagawa, and t Department of Dermatology, Kawasaki Medical School, 
Okayama, J apan 
Th~ application of hapten to the skin of lUice can 
induce contact sensitivity (CS). It has also been well 
established that draining IYlUph node (DLN) cells can 
induce CS to the hapten used for skin painting when 
injected into naIve lUice. This is true for DLN cells 
recovered about 24 h after skin painting with hapten. 
It is unclear, however, whether DLN cells recovered 
shortly after hapten application have the salUe abil-
ity. By using an adoptive transfer assay systelU, we 
exaDIined the ability of DLN cells recovered frolU 
mice at various tiDIes after skin painting with hapten 
t o induce CS. DLN cells harvested 18 - 24 h after the 
application of fluorescein isothiocyanate (FITC) or 
2,4- dinitrofluorobenzene (DNFB) induced strong CS 
when injected into naIve lUice . DLN cells harvested 
A ppHcation of highly reactive h aptens to the intac t skin ill ex' perimental animals can easily .indu ce :Ol~­tact sensitivity (CS) . C ircumstantial eVidence ll1dl-ca tes that not o nly the effector but also the suppres-sor circuits of CS can be activated in respo nse to 
antigenic stimuli (Zembala et III, 1976, Sy et II I. 1977, Toews et II I, 
1980). Although a number of studies have provided mu ch infor-
mation abo ut the cellular and m olecul ar events in activa tion of 
effector pathway (Stingl et III , 1978, Bigby et III, 1989, Galvin et III, 
1992), relatively little is known about the m ech anism s invo lved in 
ac tiva tion of the suppressor circuit (Turk et 11 /,1972). Especially, the 
role of draining lymph nodes (DLNs) in suppressor m echamism s 
has not b een investigated as much as that in the e ffector pathway. 
Mach er and C hase (1969a, 1969b) demonstra ted tllat iftlle skin site 
of g uinea pigs that h ad been treated intraderm ally with hapten was 
removed sh ortly afte r tll e treatment. to le ran ce to tllat hapten was 
gener'lted. If lon ger time had passed be fo re the skin site was 
excised, immunizati on to the hapten developed. T hey concluded 
that tolerogenic antigen s of CS were tllose that escap ed early from 
the skin site and m oved directly into bloodstream bypassing DLNs, 
becau se the principal pathway for escape was proved to be through 
the ·regional veins. T he approach used by Macher and Chase was so 
in triguing that the role ofDLNs in activation of suppressor circuits 
during contact sen sitiza tion w as ignored for a long time , but their 
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3-6 h after the application ofFITC or DNFB induce d 
either only weak ·or no CS but induced suppression of 
the subsequent ilUDlunization to the two haptens. 
The suppression was hapten-specific, MHC re-
stricted, and associated with the appearance of 
splenic suppressor T IYfilphocytes. Analyses with an.:. 
tibodies and ultraviolet (UV) B radiation delUon-
strated that suppres~ion-inducing cells in DLNs were 
Ia +, Thy-l-, and functionally UV -sensitive. These 
data suggest that epicutaneous sensitization with 
hapten first induces ilUlUunologically specific sup-
pressor activity in. the draining lytnph nodes, whereas 
itntnunogenic activity becotnes predolUinant later. 
KeJl IVOJ,ds: tolerallcelLangerltalls cells. ] Invest D ermatol 
108:731-736, 1997 
investigations did not completely exclude the possibility that the 
antigen s that had arrived at DLNs b efore the skin site was excised 
also p articipated in the induction of to le ran ce. The purpose of tlle 
current study, therefOl·e, was to de termine w h etller DLNs play apy 
p art in th e activa tion of suppressor immune response during th e 
induction period of CS introduced by skin pai.nting Witll h apten. 
The characte l-istics of the cell population in DLNs involved in the 
d evelopm ent of immunosuppressio n w ere also in vestigated. 
MATERIALS AND METHODS 
Animals Female BALB/c and C3 H/ HeN mice were obtained from Japan 
Clea (Shizuoka, J:tpan) . Each experiment was performed with age-matched 
mice between 5 to 10 wk of age. The mice were main ta ined in fi lter-
protected cages and ·given pelleted food and water ad libitlllll. Ambient 
lighting was conrrolled by automatic timers to provide 12-h lightl da rk 
cycles. Each experimental or control panel consisted of 5 to 10 mice. 
Contact Sensitization Fluorescein isothiocyanate (FITC; Sigma. St. 
Louis, MO) solution , 0 .5'Yo (wt/vol), was prepared in a solvent composed of 
equal volwnes of acetone and di-II-butyl phthalate (Wako Pure Chemical. 
Osaka, Japan) . 2.4-DinitroRuorobenzene (DNFB; Nncalai Tesque. Kyoto. 
Japan) was dissolved in acetone:olive oil (4: I) to prepare 0.5% and 0.2'10, 
so lutions (wt/ vol). For sensitization, 400 J.L I of 0.5% FITC or 25 J.L I of 0.5% 
DNFB solu tion was applied to shaved abdominal skin of the mice. Si." days 
late r, the animals were challenged by applying 10 J.LI of 0.5% FITC or 20 J.LI 
of 0.2% DNFB solution to ear surface. Ear thickness was measured with a 
dial thickness gauge (Ozaki . Tokyo, Japan) before :lIld 24 h after challenge. 
Assay for Induction ofCS and Its Suppression Cell suspensions were 
prepared from the inguinal and mesentel; c lymph nodes and spleen of mice 
sensitized 1. 3. 6. 12, 18, Or 24 h earli er with sensitizing dose of FITC or 
DNFB solution on shaved abdominal skin . The cells were washed twice in 
RPMI 1640 medium and fi ltered through nylon mesh. Filtered cell suspen-
sions (0.1 ml) containing 5 X l OS. 1 X lOt' . 5 X 10", or 1 X 107 cells were 
injected subcutaneously (s.c.) into each hind footpad of syngeneic or 
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allogeneic naive recipient mice. Six days later, the recipients were chal-
lenged On the ear with F!TC or DNFB to test DLN cells for immunoge-
nicity as described above. T he mice were resensitized with FITC or DNFB 
through thei r shaved abdominal skin on the next day and challenged aga in 
6 d later on the opposite ear. 
Transfer of Suppression of CS with Spleen Cells Spleens were 
removed from the mice that were injected with DLN cells 7 d earlier and 
exhibited a decreased CS response. Single-cell suspensions were prepared 
from pooled spleens by teasing the spleens apart in Hanks' balanced sa lt 
solu tion . Clumps were removed by fI.ltration through nylon mesh. The ce lls 
were washed once and refiltered, and 1 X 108 viable nucleated cells were 
injected in travenously (i.v.) into syngeneic recipients. Immediately there-
after the recip ients were sensitized with F!TC, and the CS response was 
measured 6 d later by ear challenge with FlTC. 
Treatment of Spleen and DLN Cells with Antibodies and Comple-
ment Spleen or DLN cells at a concentration of2 X 107 cells per ml were 
incubated fo r 30 min at 4°C in monoclonal anti-T hy-1.2 antibody (Becton 
Dickinson, Moun tain View, CAl diluted to 1:250 or in monoclonal anti_lad 
antibody (Becton Dickinson) diluted to 1 :200 in RPMI 1640 medium 
supplemented with 2% (vol/vol) fetal bovine serum. After washing three 
times in Hanks' balanced sa lt solution, the suspensions were incubated for 
60 min at 37°C in a 1:8 dilution of rabbit complement. The cells were 
washed three times , counted, and injected s.c. o r i . v. into recipient 'nice. 
Control ce lls were untreated or treated with complement alone. 
tntraviolet (UV) Irradiation and Freeze-Thaw Treatment of DLN 
Cells Saline cell suspensions (3 ml) containing 1 X 107 DLN cells per ml 
were placed in several 100-mm-diameter petri dishes and were exposed to 
100] per m2 of UVB from a bank of seven un fi ltered FL 20 SE-30 sunlamps 
(Toshjba Electric, Tokyo, ] apan) . About 75% of the energy emitted by these 
lamps fa ll s within the UVB range (280-320 nm) with the peak emission at 
305 nm. The dose of UV radiation was measured with a UV radiometer 
(UVR-305/365, Eizai, Tokyo, Japan) . After irradiation, the cells were 
washed twice in RPM! 1640 medium and injected s.c. in to recipient mice. 
As controls, some DLN cells were frozen at - 70°C fo r 30 min and melted 
at 37°C for 30 min twice prior to injection. 
Statistics Student t test was used to determine the statistical significance 
of differences in car-thickness data between the experimental groups and 
control. A p value of less than 0.05 was considered signi ficant. 
RESULTS 
DLN Cells Recovered 3-6 h after Painting with Hapten 
Induce Suppression of CS Figure 1 shows the ear swelling 
response in mice receiving DLN cells collected at various time 
po ints afte r epicutaneous application of sensitizing dose of DNFB 
or FITC. T h e DLN are referred to as Ih-DLN, 3h-DLN, 6h-DLN , 
12h-DLN, 18h-DLN, and 24h-DLN, depending on the time of 
collec tion after sensitization. The mice that received 3h-, 6h-, 12h-, 
or 24h-DLN cells from DFNB-painted donors ex.lubited a CS 
response to DNFB. No significant reaction was o bserved in the 
mice that received 1h-, 3h-, or 6h-DLN cells from FITC-sensitized 
donor mice . T he mice injected with 18h-DLN cells, however , 
showed CS to FITC. To de termine whether tlus hyporesponsive-
ness represents in1munologic to leran ce, all groups of recipient mice 
and control group were resensitized with epicutaneous application 
of D NFB or FITC on day 7 , and the opposite ear was challenged 
6 d later. As shown in Fig 2, mice injected with 3h- or 6h-DLN 
cells showed lower CS response compared to mice injected with no 
DLN cells in experiments using DNFB and FITC. These results 
suggest that DLN cells transferred from the donor mice painted 
with DNFB or FITC 3 and 6 h earlie r were able to induce 
immunosuppression in the no rmal recipient mice . 
Number of DLN Cells Required for Induction of Suppres-
sion A dose-response study was carried o ut with 6h-DLN cells 
from FITC-sensitized BALBlc mice to defm e suitable conditions 
for suppression induction (Fig 3). Within the range of 5 X 105 to 
5 X 10(' cell s, suppression was enhanced, with an increase in the 
number of DLN cells. The mice unexpectedly failed to induce 
suppression of CS when 1 X 107 DLN cells were introduced . 
Because of comparatively m ore significant suppressive e ffect, 5 X 
10" 6h-DLN cells from FITC-painted BALBlc strain mice were 
used for suppression induction in the subsequen t exp erim ents. 
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Figure 1. Transfer of DLN cells recovered &om hapten-sensitized 
mice induce no, weak, or strong CS. DLN cells were obtained from 
BALB/c mice 1, 3, 6, 12, 18, Or 24 h after skin painting with 25 J.tl of 0.5% 
DNFB or 400 J.tl of 0.5% FITC. Naive recipient mice were injected s.c. with 
5 X 10" DLN cells into each hind footpad and challenged on the ea r with 
20 J.tl of 0.2°;', DNFB or 10 J.tl of 0.5'X, .FITC 7 d later. Data are mean ear 
swelling at 24 h after challenge. En-or bnrs, SD (n = 5 to 10 mice per group) . 
*, I' < 0.01; " , I' < 0.001 (compared to the control group-mice 
challenged only without DLN cell injection). 
DLN-Cell-Induced Suppression Is Hapten-Specific The 
mice were injected s.c. with 5 X 10" 6h-DLN cells recovered from 
FITC-painted donors and then resen sitized with epicutaneous 
application of FITe. These nuce showed a significantly lower CS 
response than the positive Control gro up that received no DLN cells 
and only epicutaneous sen sitization with FITC (Fig 4). In contrast, 
the response of the experimental group to epicutaneous resensiti-
zation with DNFB w as indistinguishable from that of a positive 
contro l group . These results indicate that the decreased CS re-
sponse of mice injec ted with DLN cells £i'om FITC-painted donors 
was specific for FITC. 
Transfer of Suppression Induced by DLN Cells with Spleen 
Cells To determ ine whether suppression induced by DLN cells 
was associated with the presence of suppressor T cells in spleen, we 
inj ected normal recipient mice with o ne hundred million spleen 
cells harvested from the mice inoculated i.v. with DLN cells 7 d 
earlier. Immediately afte r iI\iection , these mice were sensitized with 
epicutaneous application of FITC. As shown in Fig 5 , mice given 
the spleen cells from DLN-cell-injected mice showed a suppressed 
C S response to FITC compared to the positive control. The 
suppressive e ffe ct was removed from the spleen cells by treatm ent 
with anti-T hy-1. 2 antibody and complem ent b efore injection, but 
not by complem ent treatment alone. Thus, suppression induced by 
DLN cells appears to b e associated with the presence of suppressor 
T cells in the spleen . 
Mesenteric Lymph Nodes and Spleen Do Not Contain Cells 
with Suppressive Activity We next determined whether the 
other lymphoid tissues had also similar ability to induce downregu-
1ation. Mice were injected s.c. with 5 X 10" m esente ric lymph node 
cells or spleen cells prepared from the donor mice sensitized with 
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Figure 2. DLN cells recovered early after skin painting with 
hapten induce suppression of CS. After <Issesslllcnt of ear swelling 
depicted in Fig 1. resensitizntion was attempted by epicutaneous application 
of 25 J.LI ofO.S'V-, DNFB or 400 1.1.1 of 0.5% FITe. and the opposite car was 
challe nged 6 d later. *, p < 0.05; ** , P < 0.01 (compared to the contro l 
group-mice challenged only without DLN cell injection and resensiti zed 
with haptens) . Percent suppression = [1 - (experiment - negative 
conerol/positive control - negative control)] X 100. Err"r bars, SD (n = 5 
to 10 mice per group). 
FITC 6 h ea rlier and then resensitized and chall enged . T h e animals 
shovved a CS response indistinguish able from tha t of th e p ositive 
control group (Fig 6) , indicating that a cell population with 
injected with 
positive contro l 
DLN cells 5 X 105 
1 X l06 
5 X 106 
1 X 107 
negative control 
o 5 10 
ear swell ing ( cm·3 ) 
Figure 3. Suppression of CS b y DLN cells is concentration-d~pel1-
dent . DLN cells w e re prepared fi·0 111 dOll or n,icc 6 h after painting w ith 
FITe. Recipient mice were injected s.c. with 5 X 10', I X 10". 5 X 10", or 
1 X 107 cells and resensitized with FITe 7 d later. T he ear was challenged 
6 dafter rcsensitization. * . p < 0.05 (compared to the positive contro l 
group-mice rescIlsitized only without DLN cell injection). Eno,. IJa rs. SO 
(n = 5 to 10 mice per group). 
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Figure 4. Suppression of CS induced b y DLN cells is hapten-
specific. Mice were injected with OLN cell s obta ined from FITe-painted 
donors, resensitized with FlTe or DNFB. and challenged with the proper 
hapten. *, p < 0.01 (compared to the positive control group). EIH,r lJa rs. SO 
(n = 5 to [0 mice per group). 
suppressive function does n ot exist in the m esenteric lymph nodes 
and spleen 6 h after con tact sen sitization with FlTC. 
Suppressive Activity of DLN Cells Is Major H istocompati-
bility Complex- Restricted BALBlc and C3H stra in n1.i ce were 
injected, respectively, with syngen eic or alloeneic DLN cells 
recovered from FITC-sensitized donors. DLN cells fi'o m BALBlc 
mice suppressed CS response in BALBl c recipi en ts but not in C3H 
recipients . Con versely, C3H DLN cell s inhibi ted ch alle n ge reaction 
only in C3 H recipien ts and n o t in BALB I c recipients (Fig 7) . 
Suppressive Activity of DLN Cells Is Abrogated b y Freeze-
Thaw and Anti-Ia hut Not by Anti-Thy-1.2 To de termine 
whether viable cells a re re qui red for inducing suppression and to 
rule o u t th e possibili ty that suppressive activity of DLN cell s results 
from the transfer o r reprocessing of antigen , DLN cells were k ille d 
by a fi'eeze- th aw treatm ent. As shown in Fig 8a, killing of DLN 
cells w i th this treatmen t abrogated th e ir abili ty to m ediate su ppres-
sion. To obtain additional information on th e phe notype of su p-
pl'cssion-indu cin g cells in DLN cells. DLN cells recovered fi'om 
FITC-sensitized mice were treated w ith anti-Ia" o r anti-T h y-l.2 
antib ody plus complem en t and then injected s.c . in to n aive mice. 
T reatment of DLN cells w ith an ti-l ad antibody and compl e m ent 
elimin ated th eir abi li ty to indu ce suppress io n of subsequ en t sensi-
tization w ith FITC (Fig 8a) . T rea tme nt with anti-T hy-l. 2 an tibody 
and complement h ad n o effect (Fig 81,) . T hus, suppression-indu c-
injected with 
positive control 
spleen celis 
spleen ce lls (anti · Thy-1.2+C) 
spleen cells (C) 
negalive control 
o 10 
ear swelling ( cm·3 ) 
Figure 5. Suppression of CS induced by DLN cells is transferable 
with splenic suppressor T cells. Spleen cell s were obtained from mice 
injected w ith DLN ceUs 7 d cartier. Naive recipie nt t11 ice were injected i .Y. 
w ith 1 X 108 sp leen ce lls and imt11cdiatcl y ther(!~lftcr rcscnsitizcd with 
FITC. Spleen cells we re treated with a11ti-T hy-I .2 antibody and comple-
ment (e) or C alone before transfer to recipients. Six days later tbe Car was 
challenged. " p < 0.01; '* , p < 0.00 t (compared to the positive contro l). 
E"..,,· bars. SD (n = 5 to 10 mice per group). 
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injected with 
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negative control 
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Figure 6. Mesenteric lymph node and spleen cells do not have 
suppressive activity. Five million cells prepared from OLNs, mesenteric 
lymp h nodes , or splecn 6 h afte r painting with FITC w ere injected S.c. into 
recipicnt mice . T he mice were resensitizcd and challengcd w ith FlTC. " 
I' < 0.01 (compared to thc positive contro l gro up) . Error bars. SO (n = 5 to 
H) mice per group). 
ing cell s 111 DLN cells appear to be la-positive and Thy-1.2-
negative. 
Suppression-Inducing Cells in DLN Are Functionally VV-
Sensitive There are several types of cells that are demonstrated 
to regulate a CS response (Toews cl ai, 1980, Granstein el ai, 1987, 
Okamoto and Kripke, 1987). Some are resistant to UV radiation, 
and others are sensitive. To determine whether the suppression-
inducing cells in DLNs are sensitive or resistant to UV radiation, 
DLN cells were irradiated with UV ill lIill'O before transfer. In this 
experiment, only DNFB was used as hapten, because FITC is 
influenced by UV irradiation . Exposure of 6h-DLN cells to 100 J 
per m 2 of UVB radiation abrogated their ability to induce suppres-
sion of CS response (Fig 9). There was no significant difference in 
cell viability or in the percentage of la-positive cells among viable 
cell ~ between the irradiated 6h-DLN cells and the nonirradiated 
control as assessed with trypan blue exclusion and immunofluores-
cence using anti-Ia antibody (data not shown). It is therefore 
unlikely that the inability ofUV irradiated 6h-DLN cells to induce 
suppression is due to cell death. The suppression-inducing cells in 
DLN appear to be functionally sensitive to UV. 
DISCUSSION 
It is well established that DLN cells recovered from mice about 20 h 
afte r sensitization with epicutaneous application of a hapten can 
transfer CS to the same hapten when injected into na'ive mice 
(Thomas el ai, 1980; Kripke and McClendon, 1986). In the current 
a 
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positive control 
DLN cells 
DLN cells (freeze· thawing) 
DLN cells (antl·la+C) 
DLN cells (C) 
negative control 
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OLN cell donor reci~ienl 
negative control BALB/c 
positive control BALB/c 
BALB/c BALB/c 
C3H BALB/c 
negative control C3H 
positive control C3H 
C3H C3H 
BALB/c C3H 
o 5 10 
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Figure 7. Suppressive activity of DLN cells is major histocompat-
ibility complex-restricted. OLN cell s o btained f)'om BALB/c or C3H 
Inice w ere injected into syngeneic and al10gcneic 111ice. and the lui ce 'were 
resensitized and chall engcd. *, p < 0.01; **. I' < O.Onl (compared to 
respective positive control gro ups). Error bars, SO (n = 5 to 10 mice per 
group). 
experiments, we demonstrated that DLN cells recovered £i'om the 
donor mice 3-6 h after epicutaneous application of FITC and 
DNFB, when injected into naIve mice. induced suppression of 
subsequent sensitization with epicutaneous application of the two 
haptens . This suppression occurred via generation of hapten-
specific suppressor T cells in the spleen . The formation of splenic 
suppressor T ce ll s in mice given 6h-DLN cell s is consistent with 
previously published data that demonstrated that suppressor cell 
activity appears in spleen when CS is indu ced in normal mice by the 
conventional skin painting technique (Chung el ai, 1986). Our 
results sugges t that DLN cells contain not only cells that activate 
the effector circuits but also cells that activate the suppressor circuits 
of CS. Furthermore. the suppressor circuits become predominant 
within several hours after epicutaneous application of the hapten, 
whereas the effector circuits become predominant later, about 20 h 
after hapten application. 
The finding that although 1 X 106 to 5 X 106 6h-DLN cells 
indu ced suppression ofCS, 1 X 107 6h-DLN cells failed to do so is 
contrary to our expectations. To clarifY the mechanism of tins 
phenomenon, mixtures of 5 X 106 6h-DLN cells and 5 X 105 to 
5 X 106 24h-DLN cells were injected into na'ive mi ce. In all cases, 
mixtures induced a CS response and did not show hyporesponsive-
ness to attempted sensitization with FITC (data not shown). Tlus 
result indicates that the effect of sensitizing cells is donnnant over 
Inlected with 
posi tive con trol 
DLN cells 
DLN cells (anti ' Thy· l .2+C) 
DLN cells (C) 
negative control 
10 
ear swell ing ( cm 3 ) 
Figure 8. Suppressive activity ofDLN cells is abrogated by freeze-thaw and anti-Ia but not by anti-Thy-l treatment. OLN cells were treated 
with freezing and tha wing, anti-Ia an tibody plus complement (C ) . or complemcnt alone and injected into re cipients (a). OLN ce lls were treated with 
anti-Thy-l .2 antibody plus complement (C) or complement alone and injected into recipient mice (b). The mice were resensitized and chall enged. " p < 
0.02; " . I' < 0.01 (compared to th e positive control grou p) . Error bars. SO (11 = 5 to 1 0 mice per gro up) . 
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Figure 9. DLN cells involved in induction of suppression are 
UV -sensitive. OLN cells from ONFB-painted mice were exposed to UVB 
radiation (100 J per m2 ) and injected into recipient mice. The mice were 
resensitized and challenged. " p < 0.001 (compared to the positive control 
group). En""' bars, SO (n = 5 to 10 mice per group). 
the effect of tolerizing cells. We speculate that limiting amounts of 
sensitizing cells may be already present in 6h-DLN, so that when 
enough 6h-DLN cells are injected to override the effect of toleriz-
ing cells, suppression of CS caunot be induced. 
Only a few studies have been done to explore the tolerizing role 
of DLN. We have previously reported that subcutaneous adminis-
tration ofDLN cells obtained from mice 24 h after DNFB painting 
to UV -irradiated skin induced suppression of the subsequent im-
munization to DNFB (Oka et al. 1985) . Okamoto and Kripke 
(1987) also showed that the induction of immunosuppression with 
DLN cells prepared from mice 18 h after FlTC painting to the 
previously UV-irradiated skin correlates with the generation of 
suppressor T cells in spleen and that the inducer cells in DLNs are 
Thy-l + and Ia - and may be derived from the Thy-1 + dendritic 
epidermal cells. In the current study, depletion of Ia- but not 
Thy-1-bearing cells from DLN cells prevented these cells from 
inducing suppression of CS, indicating that the suppression-induc-
ing cells were Thy-1 - and Ia + . Therefore, the suppression-induc-
ing cells that are found in DLNs within the first 3-6 h after hapten 
application to the intact skin are phenotypically distinct from those 
that are found in DLNs at later times after hapten application to the 
previously UV -irradiated skin . 
Several types of cells are potential candidates for the suppression-
indu c ing cells in DLNs. They include Langerhans cells (LCs), 
dermal la + cells, lymph node dendritic cells, and small B cells. LCs 
are antigen-presenting cells that playa crucial role in the induction 
and expression of CS (Silberberg-Sinakin cl ai, 1976; Toews el ai, 
1980) . The suppression-inducing cells in DLNs that we studied 
were Ia + and Thy-l - and, thus, were similar to LCs. Furthermore, 
these cells were functionally as UV sensitive as LCs. After epicu-
taneous application of sensitizing hapten, LCs pick up the hapten 
and rapidly migrate fi'om the epidermis, via lymphatic vessels, to 
DLNs, where they interact with T cells (Cumberbatch and Kimber, 
1990; Kripke el ai, 1990). About 24 h after hapten painting, LCs 
acquire increased T -cell-stimulatory activity accompanied by the 
upregulation of membrane Ia antigen and adhesion/costimulatory 
molecules (Aiba and Katz, 1990; Aiba ef til, 1993). Tn contrast, for 
[he first 3 h after epicutaneous application ofhapteu, the expression 
of LC membrane Ia antigen is reduced because of an augmented 
in ternalization of the antigen (Becker et ai, 1992a, 1992b) . It is w eU 
demonstrated that when co-stimulation by accessory molecules on 
the antigen-presenting ceUs is lacking, T -ceU proliferation does not 
occur and unresponsiveness to subsequent antigenic stimulus is 
induced Oenkins el ai, 1987; Tan el al,1993). Moreover, Simon el al 
(1991) indicated that UV radiation converts the function of LCs 
from one that induces an immunogenic signal to one that is 
tolerogenic, via alterations in co-stimulatory signals. 
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Thus, the data suggest that it is not unreasonable to speculate that 
LCs that migrate to DLNs early after hapten painting have the 
potential to deliver suppressive signals in the immunoregulation of 
CS, because they are not yet fuUy activated with respect to surface 
characteristics and functional properties. The suppression-inducing 
ceUs in DLNs in our study might be the LCs in such a stage . 
Granstein el al (1987) reported that high-density I-J major histo-
compatibility complex- restricted epidermal ceUs, when hapten-
coupled and administered i .v. to mice, can activate transferabl e 
suppressor T ceUs and downregulate the subsequent induction of 
CS to that hapten. The authors suggested that these epidenual cells 
might be a subset of LCs or might represent a certain stage in tlle 
development of LCs. 
It is also conceivable that the cens with suppression-inducing 
activity in DLNs of epicutaneously sensitized mice are not of 
epidermal origin . Our results do not exclude the possibility that Ta + 
cells in the dermis or lymph node dendritic cells may participate in 
the induction of immunosuppression of CS. Recently, perivascular 
dendritic Ia + cells, in the absence of LCs, have been shown to be 
capable of inducing CS when haptenated and inj ected intradermally 
(Tse and Cooper, 1990; Kurimoto el ai, 1994). In addition , it has 
been indicated that hapteu-derivatized Ia + dermal cells prepared 
from UV -exposed skin of UV -susceptible mice possess the abili ty 
to induce tolerance (Kurimoto ef ai, 1994). It is not yet clear. 
however, whether these cells in the UV-treated demlis are re-
cruited or resident dermal cens. Macatonia el al (1987) have 
examined the cells involved in the development ofCS in the DLNs 
of mice skin painted with FITC and concluded that low amounts of 
FITC binding selectively to veiled cells or lymph node dendritic 
cells in the first hours after exposure to antigen are not immuno-
genic but that LCs acquire high levels of antigen, enter the DLNs, 
and initiate immune responses. Although the ability of ti,e lymph 
node dendritic cens with low levels of antigen to induce suppres-
sion of CS has not yet been examined, they are likely to have such 
ability because they are not fully activated. Small B cells should not 
be ignored, because antigen presentation by B cells to unprimed T 
cells can be tolerogenic. The mechanism of the induction of 
tolerance by small B cells is suggested to involve anergy or deletion 
of naive antigen-specific T cells (Eynon and Parker, 1992) , imply-
ing a difference from the mechanism of suppression mediated by 
antigen-specific suppressor T cells suggested by our results. 
Our study shows that DLNs play a part in the activation of 
suppressor immune response during tlle induction period of CS 
induced by skin painting with two haptens, nam ely, FITC and 
DNFB, although the exact nature of the cells involved remains to 
be determined . Further isolation and identification of the related 
cell populations should be conducted to clarifY the mechanisms of 
activation of the suppressor circuits in CS . 
Tilis lIIork 'I'as sllpported ill pm'/ by a grallt ji'Olll rI,e J apallese Millisl')' oj Edllcalioll 
(Cralll 066 70868) alld b)1 Kalllasaki Medical School C rmJl 3- 504. 
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